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An acutely angled interventricular septum has been re-
ported to constitute a distinct two-dimensional echocar-
diographic geometric pattern that may permit a false
M-mode echocardlographic recording of asymmetric
septal hypertrophy. Inlight of experience suggesting that
the angle between the aortic root and interventricular
septum varied with the intercostal space of the trans-
ducer, 45 subjects were prospectively studied by two-
dimensional and M-mode echocardiography. Paraster-
nal long- and short-axis views were obtained from two
to four intercostal spaces in each subject. Two-dimen-
sional echographic cursor-generated M-mode echocar-
diograms were obtained from the long-axis views; in-
terventricular septal and left ventricular posterior wall
thickness was measured from both the two-dimensional
and M-mode echocardiograms. On two-dimensional
echocardiography, the angle between the aortic root and
septum became more acute as a progressively lower in-
In the evaluation of hypertrophic cardiomyopathy, echo-
cardiography is accepted as an accurate and reliable tech-
nique for identifying abnormalities of the interventricular
septum and mitral valve motion (1 -3) . In early studies.
Henry et al. (4,5) suggested that asymmetric septal hyper-
trophy was the sine qua non in the diagnosis of hypertrophic
cardiomyopathy , and linked the presence of this anatomic
abnormality to proposed pathophysiologic mechanisms of
left ventricular outflow obstruction. Although subsequent
observations(6-8) identified patients with hypertrophic car-
diomyopathy without asymmetric septal hypertrophy, this
anatomic abnormality is present in most patients with rest
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tercostal space was used (p < 0.001). Although no change
in septal thickness was apparent, the septal thickness
significantly increased as a progressively lower inter-
costal space was used.
On M-mode echocardiography, 21 subjects (47%)
demonstrated asymmetric septal hypertrophy (septal!
posterior wall thickness ratio > 1.3) from at least one
intercostal space, but this was confirmed by the two-
dimensional technique in only 4 subjects (9%). Thus, a
two-dimensional echocardlographic recording of an an-
gled interventricular septum can be produced by posi-
tioning the transducer in a low intercostal space, and
caution must be used in the interpretation of asymmetric
septal hypertrophy on M-mode echocardiograms. Two-
dimensional echocardiography is a useful means of iden-
tifying subjects with apparent asymmetric septal hyper-
trophy that often may be the result of a technical artifact.
or inducible left ventricular outflow obstruction, and often
is the most prominent echocardiographic hallmark of the
disorder.
As echocardiographic techniques havebeen refined, tech-
nical problems have been recognized that affect accurate
measurement of chamber size and wall thickness. With M-
modeechocardiography. there may be problems in the mea-
surement of interventricular septal thickness due to beam
width. intraseptal reflectors and echo dropout (9). Recently,
Fowles et al. (10) suggested that in some patients there is
a marked anterior course of the proximal interventricular
septum on two-dimensional echocardiography. Because of
the oblique orientation of the septum to the single crystal
M-modc beam, an erroneous recording of a thickened sep-
tum is created (Fig. I). Among 36 patients with M-mode
echocardiographic evidence of asymmetric septal hypertro-
phy, Fowles et al. (10) identified 20 patients who had normal
septal thickness by two-dimensional echocardiography. They
suggested that these subjects represented a distinct anatomic
subgroup that they labeled "angled interventricular septum."
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Methods
Study patients. We prospectivelyevaluated 55 subjects
with M-mode and two-dimensional echocardiography. A
patient was included in the study if a parasternal long-axis
view could be easily obtained with the two-dimensional
echographic transducer positioned in more than one inter-
costal space during a routine clinical two-dimensional echo-
cardiogram. Despite adequate two-dimensional echocardio-
graphic recordings, the M-mode tracings of 10 subjects
demonstrated significant dropout of echoes from the inter-
ventricular septum or posterior left ventricular wall. This
distortion made the measurement of left ventricular wall
thickness unreliable, and therefore these subjects were ex-
cluded from analysis. Of the remaining45 subjects, 31 were
male and 14 female. with a mean age of 33.4 years (range
10 to 62). Twenty-five subjects had no evidence of cardiac
disease; the other 20 had a variety of congenital and acquired
cardiac abnormalities (Table I).
Echocardiographic technique and measurements.
Two-dimensional echocardiograms were obtained from at
least two intercostal spaces in all subjects. Subjects were
examined in the left lateral decubitus position using either
a Varian V-3000 ultrasonograph or a Toshiba SSL-53M
electronically phased-array scanner. All studies were re-
corded in real time on videotape for subsequent review and
analysis. An examination from a given intercostal space in
a subject was only recorded if an adequate parasternal long-
axis view could be seen on the oscilloscope with the echo-
cardiographic transducer held perpendicular to the chest wall .
As suggested by Fowles et al. (10), a parasternal long-axis
view was considered adequate if the right and left endo-
cardial surfaces of the interventricular septum, the posterior
left ventricular wall, the mitral valve and the aortic root
(from the level of the aortic valve to a level at least I cm
above the sinuses of Valsalva) were all demonstrated in that
view. Parasternal short-axis views at the level of the mitral
valve, papillary muscles and left ventricular apex were also
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Figure l. Schematic representation of how the angle (a) between
the aortic root and interventricular septum (lVS) can influence the
M-mode echographic (ECHO) recording of interventricular septal
thickness. A, If this angle is obtuse, the plane of the septum tends
to be perpendicular to the echographic beam. The recorded M-
mode thickness of the septum (shown between points 1 and 2)
is close to the true septal thickness. B, As the angle becomes more
acute, the M-mode beam intersects the septum obliquely. Thus
the septal thickness recorded by the M-mode technique (points X
and Z) is greater than the true thickness (between points X and
V). Because the plane of the left ventricular posterior wall (LVPW)
does not change appreciably, the ratio of IVS/LVPW thickness
measured by the M-mode technique also increases as the angle
becomes more acute.
Table l. Clinical Diagnoses of the Study Subjects
During our performance of clinical two-dimensional
echocardiography in adults and children with a variety of
cardiacdisorders, we noted that the angle betweenthe aortic
root and the interventricular septum varied with the inter-
costal space of the examination. We therefore sought to
determine whether the two-dimensional echocardiographic
transducer position could create the appearance of an "an-
gled interventricular septum." Accordingly, we describe
how: 1) the two-dimensional transducer position can sys-
tematically alter the apparent angle between the aortic root
and interventricular septum, and 2) how this can create an
erroneous M-mode echocardiographic recording of asym-
metric septal hypertrophy.
Cardiac Diagnosis
No cardiac disease
Cardiomyopathy
Dilated
Restrictive (amyloid)
Hypertrophic
Valvular heart disease
Mitral insufficiency
Mitral valve prolapse
Aortic insufficiency
Pulmonary stenosis
Hypertensive heart disease
(with left ventricular hypertrophy)
Infective endocarditis
Ventricular septal defect
Subjects (no.)
25
3
1
4
2
2
2
I
2
2
I
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recorded from intercostal spaces where an adequate para-
sternal long-axis view could be visualized.
During parasternal long-axis examinations, M-mode
echocardiograms were generated by directing an electronic
cursor through the two-dimensional echocardiographic im-
age. At each intercostal space examined, M-mode images
were obtained with the cursor directed through the left ven-
tricle at the level of the tips of the mitral leaflets, at a level
just below the tips of the leaflets and, when possible, at a
level at or below the papillary muscles. Two-dimensional
and M-mode gain settings were independently adjusted to
produce M-mode images that clearly defined both sides of
the interventricular septum and left ventricular posterior wall.
The two-dimensional echographic cursor-generated M-mode
images were recorded from the Varian V-3000 on a
Honeywell model 1226 or from the Toshiba SSL-53m on a
Honeywell LSR 18A line scan recorder.
Measurement ofwall thickness on the M-mode recordings
was made at a level just below the tips of the mitral leaflets
using the leading edge method (11). End-diastolic mea-
surements were made at the beginning of the QRS complex,
and end-systolic measurements were performed at the point
of maximal anterior movement of the posterior left ventric-
ular wall. Thickening percent (THG%) of the interventric-
ular septum was defined as:
THG%
(End-systolic thickness) - (End-diastolic thickness)
End-diastolic thickness
x 100.
The two-dimensional images were reviewed in real-time,
slow motion and stop-frame format, End-diastolic frames
of each parasternal long-axis view recorded were directly
traced onto paper for measurement of the angle between the
aortic root and septum by the method of Fowles et al. (10).
The midline axis of the aortic root was constructed by bi-
secting the root at the level of the aortic anulus and at a
level at least 1 cm above the sinuses of Valsalva. The mid-
line axis of the septum was constructed by bisecting the
septum at the level of the mitral leaflets and 2 em apically
from that point. The angle subtended by these two lines was
measured with a transparent goniometer (Fig. 2).
Single crystal versus two-dimensional cursor-gener-
ated M-mode measurements. To assess whether an M-
mode measurement from a two-dimensional phased-array
transducer cursor-directed M-mode recording was different
from that generated by a standard single crystal transducer,
an additional seven normal subjects were examined by both
techniques from all recordable intercostal spaces. Measure-
ment of diastolic thickness of posterior left ventricular wall
and interventricular septum just below the tip of the mitral
valve was made to the nearest millimeter from M-mode
recordings by each transducer.
.~
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Figure 2. Measuring the angle (a) between the aortic root and
interventricular septum on a two-dimensional echocardiogram, the
aortic root is bisected at the level of the aortic valve anulus and
at a point at least I cm distal to the valve, The septum is bisected
at the level of the mitral leaflets and at a point 2 em distally. The
angle (a) between these lines (large curved arrows) is measured
with a transparent goniometer.
Statistical analysis. The M-mode and two-dimensional
echocardiographic measurements of wall thickness at each
interspace were tabulated, Analysis of variance was used to
test the hypothesis that the subjects all had the same mean.
The sample means were used to estimate the variance of
the study group, This estimate was then compared with the
estimate of population variance made from differences be-
tween individual elements of the samples. An F statistic
was generated and a probability (p) value of 0.05 or less
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was chosen as significant, that is, to reject the hypothesis
that the means were the same. The measurements of septal
and posterior left ventricular wall diastolic thickness by the
two types of transducers were evaluated by paired Student's
t test for each intercostal space. Statistical analysis was
performed on a Texas Instruments T1-58 programmable
calculator using the Advanced Statistics Package.
Results
M-mode echocardiography. At each progressively lower
intercostal space, the apparent thickness of the septum in-
creased while the apparent thickness of the posterior left
ventricular wall remained relatively constant (Fig. 3). Thus,
at each progressively lower intercostal space, the ratio of
diastolic septal thickness to posterior wall thickness in-
creased (Table 2A). In addition, the systolic thickening per-
cent of the septum often appeared reduced as the transducer
was positioned at a progressively lower intercostal space (p
<0.05). This tendency toward recording of decreased septal
motion further added to the erroneous impression of asym-
metric septal hypertrophy.
The thickness of the septum was 9.4 ± 2.1 mm (mean
± standard deviation) when the echocardiograms were re-
corded from the second intercostal space. The thickness of
the septum was significantly increased to 11.2 ± 3.4, 13.8
± 4.5 and 16.8 ± 5.7 mm with the transducer positioned
in the third, fourth and fifth intercostal spaces, respectively
(p <0.02). The corresponding values for the posterior left
ventricular wall thickness were: second intercostal space =
10.4 ± 2.2 mm; third intercostal space = 9.9 ± 1.6 mm;
fourth intercostal space = 10.4 ± 1.9 mm; fifth intercostal
space = 10,1 ± 1.8 mm (p = not significant [NS]). This
tendency to record an increased interventricular septal thick-
ness, coupled with the relative lack of change in the re-
cording of the posterior left ventricular wall, produced a
significant increase in the septal/posterior wall thickness
ratio (p <0.01) and often produced an apparent recording
of asymmetric septal hypertrophy (Fig. 4.)
Two-dimensional echocardiography. The thickness of
the interventricular septum and posterior left ventricular wall
measured from the two-dimensional images was not sig-
nificantly changed as the transducer was placed at a pro-
gressively lower intercostal space. The mean septal/poste-
rior wall thickness ratio was less than 1,3 at all intercostal
spaces examined (Table 2B). Four patients were identified
who demonstrated a septal/posterior wall ratio greater than
1.3 on both M-mode and two-dimensional echocardiog-
raphy. These patients also had echocardiographic abnor-
malities of mitral valve motion and evidence on physical
examination consistent with obstructive hypertrophic car-
diomyopathy. Excluding these patients, we identified 17
patients (41%) who demonstrated normal wall thickness by
two-dimensional echocardiography but had a septal/poste-
rior wall ratio greater than 1.3 recorded from at least one
intercostal space on M-mode echocardiography. Other than
the four patients with hypertr-ophic cardiomyopathy, no pa-
tient had a ratio greater than 1,3 at every intercostal space
examined.
The effect of the two-dimensional transducer position on
the angle between the aortic root and septum was assessed.
This angle became more acute as a progressively lower
intercostal space was used (p <0.001) (Table 3). There was
no significant difference between those patients with cardiac
1VS ~
- ; ,
."...
............... .-~
.> . . ;..,.; ? ,.., Figure 3. M-mode echocardiograms from
three intercostal spaces (lCS) in a patient
with valvular aortic stenosis. Note how
the apparent thickness of the interventri-
cular septum (IVS) increases as the re-
cording is made from a lower intercostal
space. PLVW = posterior left ventricular
wall; PW = posterior wall.
31CS . 4 rcs-- -~ -- ""- -
IVS 17mm 21
PlVW 17mm 17
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Table 2. Echocardiographic Measurements (mean values ± standard deviation)
Intercostal Space Examined
2nd 3rd 4th 5th
A. M-Mode Measurements
Patients (no.) 19 44 43 12
IVSd (mm) 9.4 ± 2.1 11.2 ::!: 13.8 13.8 ± 4.5 16.8 ::!: 5.7
LVPWd (mm) lOA ± 2.2 9.9 ± 1.6 lOA ± 1.9 10.1 ± 18
IVS/LVPW 0.9 ± OA 1.1 ± 0.2 1 3 ± 0.3 1.6 ± 0.3
THG (%) 31 ± 16 31 ± 18 19 ± 12 13 ± 9
B Two-Dimensional Measurements
Patients (no.) 19 44 43 12
IVSd (mm) 11.1 ± 2.3 10.9 ± 2.9 10.8 ± 30 11.0 ± 2.0
LVPWd (mm) 10.9 ± 2A 11.0 ± 2.1 10.2 ± 19 10.8 ± 2.3
IVS/LVPW 1.1 ± 0.2 1.2 ± 0.3 1.1 ± 0.3 1.1 ± 0.2
THG(%) 33 ± 12 36 ± 8 34 ± 7 34 ± 9
p value*
< 0.02
NS
< 0.0 1
< 0.04
NS
NS
NS
NS
*Probability (p) value for analysis of variance.
IVSd = diastolic interventricular septal thickness; LVPWd = diastohc left ventricular posterior wall thickness ; IVS/LVPW = diastolic interventricular
septum thickness/diastolic left ventricular posterior wall thickness; NS = not significant; THG % = systolic thickening percent of the Interventricular
septum.
2.0 ~ M-MODE
o 2-D ECHO
signing clinical importance to an M-mode echocardio-
graphic recording of asymmetric septal hypertrophy.
Previous studies of septal thickness measurement.
Previous investigators have cautioned that the "ice pick"
view afforded by M-mode echocardiography could lead to
several potential errors in measurement of septal thickness.
Figure 4. Interventricular septum/posterior left ventricular wall
ratioas determined by M-mode andtwo-dimensional (2-0 ECHO)
echocardiography. The M-mode results demonstrate a steady in-
crease in the ratio as subjects are examined from a progressively
lower intercostal space. In contrast, the two-dimensional record-
ings show no significant difference when subjects are examined
from a progressively lower interspace. All values are given as
mean ± standard deviation.
543
INTERSPACE OF EXAMINATION
2
1.5
1.0
0.5
~
a.
>
...J
"-
(f)
>
Discussion
disease and those without clinical evidence of a cardiac
disorder (Fig. 5). Figure 6 demonstrates a patient with sys-
temic hypertension and the typical change in aortic root-
septal angle with the transducer positioned in a progressively
lower intercostal space.
Single crystal versus two-dimensional echographic
transducer cursor-generated M-mode measurements.
The diastolic measurements from M-mode recordings from
each interspace were not signifi cantly different between the
single crystal versus the two-dimensional transducers (Table
4).
Our two-dimensional echocardiographic study reveals that
the parasternal long-axis image of the left ventricle can be
significantly altered by positioning the transducer in differ-
ent intercostal spaces. Changes in the apparent angulation
between the aortic root and septum demonstrate how an M-
mode beam directed from a lower intercostal space may
intersect the septum at an oblique angle and lead to an
erroneous M-mode echocardiographic recording of asym-
metric septal hypertrophy. In our study sample of 45 pa-
tients, only 4 demonstrated convincing clinical and two-
dimensional echocardiographic evidence of hypertrophic
cardiomyopathy. However, 17of the remaining 41 patients
had a two-dimensional echographic cursor-generated M-mode
echocardiogram showing asymmetric septal hypertrophy
(septal/posterior wall thickness ratio> 1.3) recorded from
at least one intercostal space. In 12 (29%) of these patients,
the percent systolic thickening of the septum was also re-
duced in the M-mode recording from at least one Interspace.
These findings suggest that care must be exercised in as-
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Table 3. Aortic Root to Interventricular Septum Angle (mean degrees ± standard deviation)
Pancnt
Angle by Interspace of Examinauon
Group no 2nd 3rd 4th 5th
Normal 20 136 ± 9 11 9 ± 12 106 ± 9 97 ± 4
Cardiac disease 25 131 ± 5 11 8 ± 7 106 ± 7 98 ± 8
Total 45 133 ± 8 11 9 ± 9 106 ± 8 98 ± 9
Allen et al. (9) observed that intraseptal or intraventricular
echoes could make precise determination of the septal en-
docardium difficult. They further suggested that an oblique
angle of the echocardiographic beam could lead to over-
estimationof interventricular septal thickness or, by dropout
of endocardial echoes, underestimation of the true thickness.
Taylor et al. (12) showed that true asymmetric septal hy-
pertrophy may occur in localized regions of the septum.
These authors suggested that an M-mode beam directed
through the left ventricle could potentially miss the area of
the hypertrophy; this was confirmed by Maron et al. (1 3)
In patients with asymmetric septal hypertrophy recorded
on M-mode echocardiography, Fowles et al. (1 0) found that
56% of patients with a septal/posterior wall thickness ratio
of 1.3 or more had normal septal thickness by two-dimen-
sional echocardiography. These authors found that patients
with a false M-mode recording of septal hypertrophy ("ap-
Figure 6. Two-dimensional echocardiograms of a patient with
systemic hypertension and concentric left ventricular hypertrophy.
The angle between the aortic root and interventricular septum is
determined at three different intercostal spaces. The angle became
more acute as the subject was imaged from a progressively lower
intercostal space.
Figure S. Aortic root to interventricular septum angle measured
by two-dimensional echocardiography. The measured angle be-
comes more acute as subjects are examined from a progressively
lower intercostal space. There is no difference between normal
control subjects and those with cardiac disease.
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Table 4. Two-Dimensional Cursor Versus Single Crystal M-Mode: Diaslolic Wall Thickness (mm)
(mean value ± standard deviation)
IVS (mm) LVPW (mm)
no. ICS 20 SC 20 SC
3 3 7.3 ::!: 1.2 7.0 ::!: 1.0 7.3 ::!: 1.2 6.7 ::!: 0.6
7 4 8.1 ::!: I 3 8.1 ::!: 1.3 7.9 ::!: 1.3 7.7 ::!: 1.0
7 5 9.2 ::!: 2 5 9.0 ± 2.1 8.2 ::!: 1.3 8.6 ::!: 1.5
P = NS P = NS
ICS = intercostal space; IVS = interventricular septum; LVPW = left ventncular posterior wall; SC = single crystal; 20 = two-dimensional:
other abbreviations as before.
parent asymmetric septal hypertrophy") demonstrated an
acute angulation of the heart between the aortic root and
septum. This angulation tended to place the plane of the
septum at an oblique angle to the M-mode echographic
beam, while the plane of the posterior left ventricular wall
remained relatively perpendicular to the beam. These dif-
ferences between the planes of the left ventricular walls in
relation to the echographic beam lead to the recording of
asymmetric septal hypertrophy on M-mode examinations.
Role of acute angulation between aortic root and sep-
tum. Our study confirms that apparent asymmetric septal
hypertrophy can be created whenthe two-dimensional echo-
gram demonstrates an acute angulation between the aortic
root and interventricular septum. Although there is a fairly
wide range of the angle between the aortic root and the
interventricular septum in the patients studied, there is a
striking tendency for the angle, as recorded by two-dimen-
sional echocardiography, to appear more acute as the echo
is recorded from a progressively lower intercostal space.
The change of the plane of the interventricular septum in
relation to the echographic beam leads to the erroneous
impression of a thickened septum when an M-mode echo-
cardiogram is recorded from the low interspace. Although
17of our patients without evidence of hypertrophic cardio-
myopathy demonstrated a septal/posterior wall thickness ra-
tio greater than 1.3 on M-mode echocardiograms recorded
from at least one intercostal space, all of these patients also
showed a normal septal/posterior wall thickness ratio when
the M-mode echocardiogram was recorded from a more
cranial intercostal space. This same phenomenon could be
demonstrated in patients without clinical or cchocardio-
graphic evidence of cardiac disease.
Influence of transducer position on M-mode echocar-
diogram. The influence of transducer position on the M-
mode image was recognized early in the development of
echocardiography by Popp et al. (14). These authors noted
the potential for the left ventricular wall thickness (partic-
ularly of the septum) to be exaggerated by transducer po-
sition, and proposed a " standard interspace" thai allows
M-mode echocardiographic recording of the anterior mitral
leaflet with the transducer perpendicular to the chest wall.
The conceptof the standard interspace is applicable to many
patients. However, the variability of chest configuration and
distance between intercostal spaces among patients will
sometimes allow recording of the mitral valve from two or
more intercostal spaces, while still keeping the transducer
relatively perpendicular to the chest wall.
Diagnosis of asymmetric septal hypertrophy. When
performing M-mode echocardiography in such patients, it
is not obvious to the examiner which interspacemost readily
permits the M-mode beam to be directed perpendicular to
the long axis of the left ventricle. Thus, unless the examiner
is aware of this potential problem, he or she may select an
interspace that is higher or lower than the interspace that
would provide the true chamber size and wall thickness. If
asymmetric septal hypertrophy is noted on an M-mode re-
cording, one should try to record the left ventricle from a
more cranial intercostal space. If hypertrophic cardio-
myopathy is not present, recording from a more cranial
intercostal space will reveal a normal septal/posterior wall
thickness ratio. Such an approach will tend to improve the
specificity of the M-mode finding of asymmetric septal hy-
pertrophy. Certainly, two-dimensional echocardiography is
useful in clarification of equivocal cases. In addition to
confirming septal hypertrophy in the usual subaortic region,
two-dimensional cchocardiography may reveal an isolated
area of septal hypertrophy nOI traversed by an M-mode
beam. Thus, despite a previous report (0) that an abnormal
angle between the aortic root and the interventricular septum
may constitute a distinct geometric anatomic pattern de-
tectable by two-dimensional echocardiography, our findings
indicate that this phenomenon may be a technical artifact,
at least in some patients.
Implications. The two-dimensional echocardiographic
recordingof an acutely angled aorta-to-interventricular sep-
tum on a parasternal long-axis view is technicallydependent
on the intercostal space chosen. This results in predictable
variation in M-mode interventricular septal thickness and
can produce a recording of asymmetric septal hypertrophy.
This problemcannot be obviated by simply maintaining the
transducer perpendicular to the chest wall. Further stand-
ardization of choice of parasternal intercostal space for two-
dimensional echocardiographic long-axis recording is
desirable.
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